We investigated the role of the neural tube in muscle cell differentiation in developing somitic myotome of chick embryo, particularly through fast myosin heavy chain (MHC) isoform expression. An embryonic fast MHC labeled with EB165 mAb was expressed in somitic cells from stage 15 of Hamburger and Hamilton (H.H.) (24 somites). Moreover, a distinct early embryonic fast MHC was expressed only from stage 15 of H.H. to stage 36 (ElO). Like neonatal MHC, this isoform was labeled with 2E9 rnAb but differed in its imtnunopeptide mapping. Expression of EB165-labeled embryonic fast MHC occurred in somitic myotomes deprived of neural tube influence by in ovo ablation as well as in somite explants cultured alone in vitro. Conversely, ablation of the neural tube prevented somitic expression of MHC labeled with 2E9 mAb. The neural tube induced in vitro expression of this MHC in explants of somites which failed to express it when cultured alone. These results indicate that signals emanating from the neural tube are required for the expression of early embryonic fast MHC isoform in developing somitic myotome.
Introduction
Muscle differentiation and specialization into different fiber types is associated with isoform switching and transient gene expression of contractile proteins. Myosin, a hexameric macromolecule composed of two heavy chains (MHC) and two pairs of light chains (MLC), is a major structural protein for the generation of muscle force and thus of particular interest for the study of the muscle differentiation process. In birds as in mammals, distinct MHC isoforms have been identified and grouped into 'fast' and 'slow' classes. These isoforms are expressed in spatially and temporally distinct patterns. In this respect, three different fast MHC isoforms have been distinguished which, according to their appearance during development, have been referred to as embryonic, neonatal and adult MHC (Whalen et al., 1981; Bandman et al., 1982; Bader et al., 1982; Lowey et al., 1983; Crow and Stockdale, 1986) .
Many studies have focused on the extrinsic factors regulating MHC expression in skeletal muscle fibers. During avian development, some MHC transitions are controlled by innervation (Cemy and Bandman, 1987; Shear et al., 1988) , thyroid hormones (Gardahaut et al., 1992) or muscle load (Kennedy et al., 1986 Gardahaut et al., 1989) . Other authors have investigated the process of differentiation into distinct muscle cell types at early developmental stages. Studies of aneural or paralyzed muscle differentiation in chick embryos suggest that fibers may have an intrinsic predisposition to develop into a particular fiber type characterized by its myosin isoform content (Butler et al., 1982; Phillips and Bennett, 1984; Phillips et al., 1986; Crow and Stockdale, 1986) . In addition, myoblasts constituting the limb buds proved to be of several types relative to the fibers they form when grown in clonal cell culture (Miller and Stockdale, 1986a, b) . More recently, Page et al. (1992) demonstrated that the different phenotypes appearing 0925-4773/95/$09.50 0 1995 Elsevier Science Ireland Ltd. All rights reserved SSDI 0925-4773(94)00324-G among hindlimb muscle fibers in chick embryo as early as day 4 are due to fiber type-specific expression of three slow MHC isoforms. Taken together, these in vivo and in vitro analyses indicate that expression of MHC isoforms during the early embryonic stages of muscle development is due to the intrinsic potential of myoblasts.
However, the earliest stages of myogenesis are still not fully understood. A more detailed description of the cellular mechanisms regulating muscle diversity requires further study of MHC expression in myoblasts from the onset of myogenesis in somitic myotome. To date, some studies have suggested that early myoblast specialization could result from the influence of extrinsic signals in the local environment and that the neural tube could be a promising candidate for such regulation. Embryological studies strongly suggest the important role played by the neural tube in myogenic determination (Hoadly, 1925; Kenny-Mobbs and Thorogood, 1987; Packard and Jacobson, 1976; Rong et al., 1992; Teillet and Le Douarin, 1983) . Thus, in a series of experiments in which chick embryos were totally deprived of their neural primordium and notochord at two days of incubation, Teillet and Le Douarin (1983) observed the disappearance of myotomes and the resulting absence of back muscles. Rong et al. (1992) noted that muscle cell differentiation in myotomes can occur in the absence of the notochord and neural tube, provided that the somites from which they originated are in contact with axial organs for a definite period of time. Although somites have a transient existence in the absence of neural tube/notochord, the presence of one axial organ can lead to the survival of somitic mesoderm, in which case the notochord induces muscle cell differentiation as efficiently as the neural tube. Interestingly, the expression of myogenic genes such as qmfl -known to act on the commitment of somitic cells to a myogenic fate -could also be controlled by neural tube influence (Pownall and Emerson, 1992) .
These different results led us to use monoclonal antibodies specific for avian fast MHC isoforms to investigate the initial influence of the neural tube on MHC myosin expression in early myogenesis. Our observations clearly show that an embryonic fast MHC isoform expressed during embryonic chicken development (Cerny and Bandman, 1987) (reactive with EB165 mAb) is first discernible in somitic myotomes at stage 15 (24 somites) of Hamburger and Hamilton (H.H., 1951) . In some but not all of these myotomal cells, we demonstrated the existence of an additional fast MHC restricted to the early embryonic period [from stage 15 to stage 36 (ElO)]. This isoform identified by 2E9 mAb, which is specific for neonatal MHC (Cerny and Bandman, 1987) , differs from the latter in its immunopeptide mapping. To test the possible role of the neural compartment in MHC expression, the source of motor innervation was eliminated by excision of the brachial neural tube at stages 12-13. The normal pattern of myotube reaction with EB165 occurred, whereas 2E9 immunostaining was no longer noted after neural tube ablation, possibly indicating control of early embryonic fast MHC isoform expression by the neural tube. (Fig. lc and d ). Fig. 2 Fig. 3 . It was previously found that EB165 mAb reacted with embryonic and adult fast MHCs (Cerny and Bandman, 1987; Gardahaut et al., 1992 (Cemy and Bandman, 1987; Bandman and Bennett, 1988; Gardahaut et al., 1992) . In extracts of PLD muscle from embryonic stages, no MHC was found with a mobility similar to that of perinatal fast MHC, whereas one mobility class of fast MHCs was detected by 2E9 mAb in neonatal PLD. Curiously, one band was observed on immunoblots with 2E9 mAb from stage 22 of H.H. (E3.5-4) myotome extracts. The significance of this observation is unclear but might relate to the expression of a fast isoform different from fast neonatal MHC. 
EB165 2E9
Myot PLD PLD E-10 PH-7 reacting with 2E9 in embryonic myotomes, myosin was extracted from pooled somitic myotomes of stage 22 of H.H. (E3.5-4) chick embryos. Three myotomal myosin samples were prepared, each arising from 300 chick embryos. This myosin was digested with varying amounts of the V8 protease from Staphylococcus aureus or with papain, and the resultant peptides were separated by 15% SDS gel electrophoresis and transferred onto nitrocellulose. The same operations were performed on MHC samples prepared from 2-week-posthatch pectoralis major (PM) for which neonatal MHC is the major MHC isofomr (Cerny and Bandman, 1987) . The partially digested MHCs were then analyzed by SDS-PAGE in 15% gels and immunoblotted with 2E9 mAb. By using two different proteases, we found that embryonic myotomes had a different immunopeptide mapping than neonatal pectoralis. In addition, differences in the peptide patterns between the myotomal and neonatal MHC were evident at all V8 protease concentrations. Fig. 4 illustrates the differences in immunopeptide patterns between these two myosins when the digestion were performed with the Staphylococcus aureus V8 protease.
Since the electrophoretic mobilities of myosin peptides reacting with 2E9 mAb were distinct, this suggested that the MHC expressed in myotomal muscle was a different MHC isoform than the mAb 2EPreactive MHC expressed in neonatal muscle. This isoform was designated as an early fast MHC since it was expressed during a short period of early embryonic development. Although it has epitopes characteristic of a fast isoform, the peptide pattern differs from that of neonatal MHC.
Influence of neural tube on fast MHC isoform expression in somite development
The neural tube was surgically removed to assess its possible influence on MHC isoform expression in ovo. Ablation was performed at stages 12-13 of H.H. somites). To evaluate the effect of neural tube removal on the innervation pattern, embryos were sectioned and all serial sections were immunostained with NF and myosin. Neural tube excision did not eliminate neural crest-derived cells which were able to form some ganglia. As previously described, when the neural tube was removed and the notochord left in place, spinal ganglia failed to differentiate but sympathetic ganglia developed (Teillet and Le Douarin, 1983) . In all cases examined at deletion level, there was a complete absence of spinal cord and motor axons, whereas sympathetic ganglia were formed. This study was based on 42 operated embryos examined at different ages (Table 2) in which the neural tubes had been successfully removed, as indicated by an absence of NF staining (Fig. 5a ).
Until stage 23 of H.H. (I%), somites were normally segmented and myotomes had a normal appearance, being composed of cells which reacted with EB165 mAb but not with 2E9 mAb at the operated level ( Fig. 5b and c) as compared to the nonoperated level (Fig. 5d ). From stage 23 of H.H. (E4) to stage 28 (E6), the appearance of myotomes was slightly modified at the excision level as compared to nonoperated levels. Myotomes were well developed, but their morphology was altered since they were often fused in a semicircular mass. At these ages, (Teillet and IX Douarin, 1983) . Both the dermomyotome and sclerotome underwent differentiation into muscle and vertebrae (Strudel, 1955 In (a-d), NF mAb was visualized with a rhodamine isothiocyanate goat anti-mouse lgG1 and 2E9 mAb with a fluorescein isothiocyanate goat anti-mouse IgGl. (e) Note that 2E9 mAb staining with a rhodamine isothiocyanate goat anti-mouse IgGl was found in numerous myotubes in co-cultures examined at day 12 (x 320). (I) At this culture time-point, EB165 mAb staining with a fluorescein isothiocyanate goat anti-mouse IgGl evidenced many cross-striated myotubcs (X 320).
EB165 mAb and the myoblastic cells which had migrated and surrounded the explants became EB165-positive (Fig. 6a) . They first retained some fluorescence immunostaining in the form of dots (initially concentrated around their nuclei and subsequently scattered throughout the cytoplasm) and then rapidly developed immunofluorescent filaments with fibrillar structures (Fig. 6b) . Very thin myotubes with l-3 nuclei subsequently appeared in which myofibrils became crossstriated at the periphery of the sarcolemma (Fig. 6c) . Myotubes rapidly exhibited spontaneous tonic contractions, each lasting several seconds. As myotube maturation proceeded, cross-striations spread over their entire width and myotube length and diameter increased (Fig.  6d) . The EB165 staining pattern persisted with no marked decrease. No 2E9 and AB8 reactivity was detected at any time in these culture conditions.
Co-cultures of somites and neural tubes.
The apparent in ovo regulation of myotome 2E9 reactivity and the absence of 2E9 immunostaining in somites cultured alone led us to investigate whether the expression of 2E9-labeled fast embryonic MHC isoform was dependent on the presence of neural tissue in these cultures. Pieces of neural tube were simultaneously explanted with somites. Neuronal cell clusters immunolabeled with neurofilament antibody rapidly appeared (Fig. 7a) . From these clusters, numerous neurites sprouted ( Fig.  7b and c) and contacted myotubes located close to the spinal cord explants (Fig. 7d) before spreading throughout all of the myotubes. The duration of contractions was readily shortened in these conditions as compared to aneural conditions. 2E9-labeled MHC isoform was expressed after day 5. At this time, 2E9 mAb first stained mononucleated cells located in the culture areas invaded by neuronal cellular processes (Fig. 7b) . As culture duration increased, multinucleated myotubes expressed 2E9 MHC immunoreactivity (Fig.  7c-e) . These myotubes were immunostained with EBl 65 mAb after day 2 of culture and EB165 staining was maintained throughout the culture period (Fig. 7f) . As embryonic 2E9 MHC was not expressed in all fibers labeled with EB165 mAb, the amount of MHC recognized by 2E9 mAb was inadequate for detection by immunopeptide mapping (data not shown). Nevertheless, son&e-neural tube co-cultures clearly showed the expression of the early embryonic fast MHC isoform by immunocytochemical labeling.
Discussion
It is well known that virtually all skeletal muscles arise from a common somitic progenitor pool, the myotome. The muscles of the axial skeleton (back or axial muscles) are derived from myogenic cells which differentiate in situ in somites, whereas limb muscles form by the migration of undifferentiated myogenic cells away from somites (Christ et al., 1977; Chevallier et al., 1977; Beresford, 1983) . In this study, we focused on the earliest stages of myogenesis in the somite, i.e., on the myogenic precursors of axial musculature. For this purpose, we used a combination of immunocytochemical and immunochemical techniques to examine fast MHC isoform expression in somites developing in ovo and in vitro. Two types of experiments were performed to assess the influence of the neural tube on myogenesis in somites: (i) somitic myotomes were deprived of neural influence by in ovo microsurgical ablation of the neural tube and (ii) isolated somites were cultured in vitro with or without the neural tube.
The MHC composition of somitic myoblasts was first determined by immunohistochemical staining and immunoblotting with EB165, 2E9 and AB8 mAbs which are, respectively, specific for fast embryonic/adult, neonatal and adult MHC isoforms. Antibody staining showed that EB165 immunoreactivity appeared as early as stage 15 of H.H. (24 somites) in almost every myogenic cell in all somites throughout the level examined (5-20). The fact that AB8 mAb, specific for fast adult MHC, failed to react with myotomal cells indicated that the only MHC recognized by EB165 mAb was an embryonic fast MHC. Interestingly, our observations demonstrate that with mAb 2E9 epitope an additional early embryonic fast isoform was present in primary fibers at the time of their initial formation, i.e., stage 15 of H.H. (24 somites). This early embryonic fast MHC differs in its immunopeptide mapping from neonatal MHC with which mAb 2E9 reacts (Bandman, 1985) . Its expression pattern is spatially and temporally different from that of the fast embryonic MHC identified by EB165 mAb. The latter is accumulated throughout embryonic development in virtually all myotomal cells of muscles destined to contain fast or fast/slow fiber types in the adult (Bandman and Bennett, 1988; Bandman et al., 1990; Gardahaut et al., 1992) whereas early embryonic fast MHC expression with 2E9 mAb is limited to fewer myotomal cells and not detected in chicken embryos older than stage 36 of H.H. (ElO).
Our results extend those of previous studies concerning initial myosin phenotype expression in avian somitic myotome. Sweeney et al. (1989) demonstrated the presence of an MHC sharing antigenic and electrophoretic migratory properties with ventricular MHC, as well as a distinct MHC sharing these properties with fast skeletal isomyosin. Bourke et al. (1991) showed that the expression of ventricular MHC precedes that of embryonic fast MHC (EB165 mAb). We found that an additional early embryonic fast isoform (2E9 mAb) was transiently present among myotomal cells expressing embryonic fast MHC (EB165 mAb). Taken together, these results indicate that several fast MHC isoforms might be expressed during the earliest stages of myogenesis in the somite. Interestingly, Page et al.
G. A&-Boucher et al. /Mechanisms of Development 50 (1995) (Robbins et al., 1986) . It is known that ablation of neural tube/notochord in avian embryo disturbs myotome development (Strudel, 1955; Teillet and Le Douarin, 1983; Christ et al., 1992; Rong et al., 1992) . Conversely, the presence of either neural tube or notochord can prevent somitic cell death and allow myotomal cell differentiation (Rong et al., 1992) . In our experiments, we reinvestigated the behavior of myogenic somitic cells in myotomal muscles in the absence of neural tube by focusing our attention on fast MHC expression. Embryos were deprived of neural tube at a stage not preventing somite formation, segregation of the dermomyotome and sclerotome and survival of muscle cells during later development (Teillet and Le Douarin, 1983) . Ablation experiments were carried out at the seven posteriormost somite levels in H.H. stage 12 (15 somites) chick embryos. Curiously, we observed that the expression of early embryonic fast MHC labeled with 2E9 mAb did not occur in the absence of neural tube and completely disappeared at the ablation level, whereas other isoform storage evidenced by EB 165 mAb was not modified. Until recently, the common theory was that primary fiber type determination is not neuronally controlled (Phillips and Bennett, 1984; Phillips et al., 1986; Crow and Stockdale, 1986; Noakes et al., 1988) . However, it has been demonstrated that primary as well as secondary myotube populations are composed of nerve-dependent and nerve-independent individuals (Condon et al., 1990; Fredette and Landmesser, 1991) . Recent in vivo studies suggest that somitic cells appear to be influenced in their gene expression by the surrounding extracellular environment, especially neural tube. When an impermeable barrier was placed between the neuraxis and the caudalmost somites of an embryo with 20 somites or less, the predominant result was an inhibition of desmin expression in somites lateral to the barrier, whereas contralateral somites as well as somites both cranially and caudally to the implantation site accumulated desmin (Borman and Yorde, 1994) . These results provide a close parallel to our present findings demonstrating that neural tube deletion inhibits early embryonic fast MHC expression only in somites corresponding to the surgery level.
In our second experimental approach used to assess neural tube influence on MHC isoform expression, somites with or without added neural tube fragments were cultured in vitro. These somites were prepared from H.H. stage 12-13 (15-18 somites) chick embryos and explanted into organotypic cultures, except for the last three caudalmost somites which were systematically discarded. When placed in explant cultures, the somites autonomously formed myotubes which differentiated into cross-striated fibers exhibiting contractile activity. These results are in agreement with those of KennyMobbs and Thorogood (1987), Rong et al. (1992) and Buftinger and Stockdale (1994) who recently demonstrated that, beginning at stage 12 of H.H. (15 somites), almost all somites except the three caudalmost ones produce muscle fibers when cultured alone. They found that somites which are not myogenic when cultured alone form muscle fibers when recombined with neural tube, as indicated by immunostaining with antibodies to slow or fast MHC. This demonstrates once again that myogenic inductive signals are communicated to somites by the neural tube. Our immunocytochemical analysis indicated that somite cells destined to a myogenic fate express EB 165~labeled embryonic fast MHC in aneural cultures. In such culture conditions, no 2E9 staining was evidenced and 2E9 immunolabeling occurred only when neural tube explants were added to somite cultures. The early fast embryonic MHC recognized by 2E9 mAb was visualized in newly-formed in vitro myoblasts from day 5 and then in myotubes from day 7. There were generally fewer 2E9-labeled myofibers than EB165-immunostained fibers. Taken together, the present in vivo and in vitro studies indicate that the neural tube plays an inductive role in early embryonic fast myosin isoform expression in specified somites.
The nature of neural tube inductive factors and their mechanism of action have not been determined. Whether early embryonic fast MHC isoform expression in somites requires contact-mediated and or diffusible signals from the neural tube is not certain. At the stage 15 of H.H. (24 somites) at which early embryonic fast MHC appears in somites 5-20, they have never been in contact with ventral motor root fibers. Conversely, in our tube/somite co-cultures, when this MHC isoform was detected, prominent neurites were emerging from the neural tube explants and traversing many muscle cells. Our in vivo and in vitro investigations do not suggest that the signals originating from the neural tube and involved in early embryonic fast MHC expression in developing myotome were mediated by somitic cellneuron contacts. It is possible that such MHC isoform expression in somites may be induced by a diffusible factor or factors secreted by the neural tube. Studies are ongoing to define the nature of signals emanating from the neural tube and involved in myosin expression in somitic cells. The identification of a new MHC isoform expressed in developing myotome raises a number of questions regarding the extensive range of developmen-tal isoforms of MHC. This is the first positive demonstration that the neural tube is required for the expression of an MHC isoform occurring during normal in vivo myotome development, definitive statements about gene regulation will have to await further confirmative studies using specific cDNA probes (Moore et al., 1992 (Moore et al., , 1993 .
Experimental procedures
Experiments were performed using commercial chick (Gallus galius) eggs incubated at 37°C from 1.5 days (El .5) to El 5 of incubation. Embryonic stages were determined by the stage series of H.H. and the duration of incubation. When young embryos were used, i.e., with less than 72 h of incubation, the developmental stage was precisely defined by the number of somite pairs.
Microsurgical procedure
Microsurgery was performed on the neural tube of chick embryos in ovo.
4.1.1. Removal of the neural tube. Embryos were at H.H. stages 12-13 (15-18 somites) when operated. Using a microscalpel, the neural tube was separated from the somitic mesenchyma at the level of the last seven somites (Fig. 8 ). Embryos were sacrificed after surgery between El .5 and El0 and treated by an immunocytochemical procedure.
Isolation and culture of somites
Chick embryos from stages 12-13 of H.H. (15 to 18 somites) were excised from eggs and their truncal parts were dissected and immersed in a pancreatin solution (Gibco). All somites on both sides were isolated, except for the last three caudalmost pairs of somites of the neural tube. They were plated (about 150) on collagencoated Petri dishes (35 mm diameter) in 2.5 ml of Eagle's Minimum Essential Medium (MEM) supplemented with 10% fetal calf serum (Gibco) containing penicillin (166 III/l) and gentallin (200 $1). Cultures were routinely grown in COz:air (5:95) at 37°C in a humidified atmosphere.
In an initial series, somites were first allowed to differentiate in the absence of neural cells. In a second series, neural tubes (about 20 fragments 1.5 mm in length) arising from the same embryos as those of somite donors were minced and simultaneously explanted with somites. Examination was carried out between day 2 and 20 after explantation. 4.3. Immunocytochemistry 4.31. Anti-MHC antibodies (Table 1) . Embryonic fast MHC was detected using the specific EB165 mAb which reacts with all known fast embryonic MHC isoforms and with adult fast MHC in the chicken (&my and Bandman, 1987; Bandman et al., 1990) . mAb 2E9 was used for fast neonatal isoform (Bandman, 1985; Cemy and Bandman, 1987; Bandman and Bennett, 1988) and mAb AB8 for fast adult isoform (Cemy and Bandman, 1987; Bandman and Bennett, 1988) . 4.3.2. Whole embryo. Embryos were either faed in 2 or 4% paraformaldehyde in phosphate-buffered saline (PBS) and frozen in liquid nitrogen-cooled isopentane or directly frozen. Cryostat-cut sections (7 pm) were collected on gelatin-coated slides. Serial embryo sections from different ages were incubated in single or double immtmofluorescence labeling to determine their MHC contents. Selected sections for immunofluorescent treatment extended at the level between somites 5 and 20, i.e., the embryonic level prior to the wing bud and including the prospective wing bud. To control the efftciency of neural tube ablation, the presence or absence of nerves was determined using an antibody to neurotilament (monoclonal antineurofilament 68 kDa, clone NR4, Sigma Immuno Chemicals, NF) in control and experi-et al. /Mechanisms of Development 50 (1995) 43-S mental series.
Single immunofluorescence labeling: All antibodies were diluted 1: 1000 in PBS and applied either for 1 h at 37°C or overnight at 4°C in a damp box. Sections were washed in PBS and the second antibody (fluoresceinlabeled goat anti-mouse IgGl diluted 1:lOO in PBS) was laid on sections for 1 h at room temperature. Double immunofluorescence labeling was used for in vivo analysis. Sections were first incubated with 2E9 mAb followed by rhodamine-conjugated goat (RITC) anti-mouse IgGl diluted 1: 100, as described for single labeling, and then treated with 1% serum for 1 h to block nonspecific binding sites before reaction with fluorescein conjugated EB 165 mAb (1:500). To ensure that EB165 mAb reacted only with its antigen and not nonspecifically with goat anti-mouse IgGl, sections were double-treated with mAb EB165 indirectly labeled with RITC goat anti-mouse IgGl and directly labeled with 2E9 mAb.
43.3. Cultures. Cultures were washed with PBS, fixed 10 min with 95% ethanol, treated for 30 min with 5% Triton-X100, reacted with the anti-MHC antibodies and processed for detection of Ab binding as described for embryonic sections. An antibody to 68 kDa neurofilament was used to detect neural constituents in a coculture system. The cultures were washed several times with PBS and coverslipped with glycerol-PBS.
Immunoblotting
Native myosins were extracted from dermomyotomes of stage 22 of H.H. (E3.5-4) chick embryos according to the method of d 'Albis et al. (1986) . A sample required about 300 embryos. Dermomyotomes were washed with a solution of 20 mM NaCl, 3.4 mM P04H2Na 2H20, 1.6 mM P04HNa2 12H20 and 1 mM EGTA, (pH 6.45), at 4°C. Following centrifugation at IO 000 g at 4°C for 5 min, myosin was extracted from the pellet after 30 min of gentle stirring at 4°C in a solution of 100 mM Na4P207, 5 mM EGTA and 1 mM dithiothreitol, pH 8.5. This solution was centrifuged for 10 min at 10 000 g and the supernatant diluted twice in cold glycerol. MHCs were separated by SDS polyacryiamide gel electrophoresis (SDS-PAGE) (Laemmli, 1970) at a concentration of 6% acrylamide bisacrylamide. Gels were run at 20 mA for about 3 h. The proteins were electrophoretically transferred onto a nitrocellulose sheet at about 200 mA for 4 h in a Trans-Blot cell (Burnette, 1981) . After washing in 0.2% Tween, the sheet was incubated overnight at 4°C or for 1 h at room temperature with the different mAbs diluted 1:lOO. Biotin/streptavidin reagent was used for detection of anti-mouse IgGl biotin. Tests for immunochemical specificity were performed by omission of primary mAbs and the use of preabsorbed controls.
Immunopeptide mapping
Peptide mapping of MHC was performed using the procedure of Cleveland et al. (1977) . Myosin samples were dissolved at approximately 5 &ml in sample buffer containing 25 mM Tris-HCl, (pH 6.8), 20% glycerol, 5% SDS, 5 mM dithiothreitol and 1 mM EGTA. Proteolytic digestion was carried out at 37°C for 30 min by addition of either 10 to 100 ng of Staphylococcus aureus V8 protease or 1.35 ng of papain. Each protease was diluted in 2.3% SDS, 0.125 M Tris-HCI, pH 6.8, 5% & mercaptoethanol and 10% glycerol, 0.01% bromophenol blue. Proteolysis was stopped by boiling the samples for 5 min. About 40-60 ~1 of each sample (roughly 200 pg of protein) was loaded into a 25 x 4 mm sample well in l-mm thick gels (15% polyacrylamide separating gels and 3% stacking gels). The electrophoretic transfer of peptide fragments from SDS gels to nitrocellulose was performed overnight at 200 mA. The nitrocellulose transfer was first incubated for 4 h in 5% nonfat dry milk, washed in PBS-Tween (3 x 10 min) and reacted for 1 h with the appropriate mAb diluted either 1:50 or 1: 100. After washing in PBS-Tween (30 mm), blots were reacted with a secondary antibody conjugated to HRP (I:600 or 1:300). After washing, the antigen-antibody complexes were visualized using enhanced chemohuninescence (ECL) detection (Amersham kit).
